IN THE CLAIMS 



We claim: 

1. A semiconductor device comprising: 

a semiconductor body formed on an insulating substrate, said semiconductor body 
having a top surface and a first and second laterally opposite sidewalls; 

a gate dielectric formed on said top surface of said semiconductor body and on said 
first and second laterally opposite sidewalls of said semiconductor body; 

a gate electrode formed on said gate dielectric on said top surface of said 
semiconductor body and adjacent to said gate dielectric on said first and said second 
laterally opposite sidewalls of said semiconductor body, wherein said gate electrode 
comprises a metal film formed directly adjacent to said gate dielectric; and 

a pair of source /drain regions formed in said semiconductor body on opposite sides 
of said gate electrode. 

2. The semiconductor device of claim 1 wherein said gate electrode comprises only said 
metal film. 

3. The semiconductor device of claim 1 wherein said gate electrode further comprises a 
doped silicon film formed on said metal film. 

4. The semiconductor device of claim 3 wherein said metal film is formed to a thickness 
between 25-lOOA and said doped silicon film is formed to a thickness between 500-3000A. 

5. The semiconductor device of claim 1 wherein said semiconductor body is silicon, and 
said source/ drain regions have p type conductivity and said metal film has a work 
function between 4.9-5.2 eV. 
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6. The semiconductor device of claim 1 wherein said semiconductor body is silicon and 
said source /drain regions have p t3^e conductivity and said metal film is selected from the 
group consisting of rutheruum, palladium, platinum, cobalt, nickel, and conductive metal 
oxides, with a workfunction between about 4.9 eV and 5.2 eV. 

7. The semiconductor device of claim 1 wherein said semiconductor body is formed 
from silicon and said source/ drain regions have n type conductivity and said metal film 
has a work function between 3.9 eV and 4.2 eV. 

8. The semiconductor device of claim 1 wherein said semiconductor body is silicon and 
said source /drain regions have n type conductivity and said metal film is selected from the 
group consisting of hafrdum, zirconium, titanium, tantalum, alviminum, with a 
workfunction between about 3.9 eV and about 4.2 eV. 

9. The semiconductor device of claim 1 wherein said metal film is selected from the 
metal having a work function between 4.2 to 4.8 eV. 

10. The semiconductor device of claim 1 wherein said gate dielectric comprises silicon 
dioxide. 

11. The semiconductor device of claim 1 wherein said gate dielectric is selected from the 
group consisting of tantalum oxide, titanium oxide, hafnium oxide, zirconium oxide, PZT, 
BST, aluminum oxide, and silicate thereof. 

12. The semiconductor device of claim 1 wherein said semiconductor body is selected 
from the group consisting of germanium, silicon germanium, gallium arsenide, InSb, GaP, 
GaSb, and carbon nanotubes. 
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13. A semiconductor integrated circuit comprising: 
a first semiconductor device comprising: 

a first semiconductor body formed on an insulating substrate, said first 

senuconductor body having a top surface and a first and second laterally opposite 

sidewalk; 

a first gate dielectric formed on said top surface of said first semiconductor 
body and on said first and second laterally opposite sidewalls of said first 
semiconductor body; 

a first gate electrode formed on said first gate dielectric on said top surface of 
said first semiconductor body and adjacent to said gate dielectric on said first and 
second laterally opposite sidewalls of said semiconductor body, wherein said first 
gate electrode comprises a first metal film formed directly adjacent to said first gate 
dielectric; and 

a first pair of source /drain regions having p type conductivity formed in said 
first senuconductor body on opposite sides of said first gate electrode; and 
a second semiconductor device comprising: 

a second semiconductor body formed on said insulating substrate, said 
second senuconductor body having a top surface and a first and second laterally 
opposite sidewalls; 

a second gate dielectric formed on said top surface of said second 
semiconductor body and on said first and second laterally opposite sidewalls of said 
second semiconductor body; 

a second gate electrode formed on said second gate dielectric on said top 
surface of said second semiconductor body and adjacent to said gate dielectric on 
said first and second laterally opposite sidewalls of said second semiconductor 
body, wherein second gate electrode comprises a second metal film formed directly 
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adjacent to said second gate dielectric wherein said second metal film is different 
than said first metal film; and 

a second pair of source /drain regions having n type conductivity formed in 
said second semiconductor body on opposite sides of said second gate electrode. 

14. The semiconductor device of claim 13 wherein said first metal film has a work 
fimction between 4.9 eV and 5.2 eV and said second metal film has a work function 
between 3.9 eV and 4.2 eV. 

15. The integrated circuit of claim 13 wherein said first metal film is selected from the 
group consisting of ruthenium, palladium, platinum, cobalt, nickel, and conductive metal 
oxides, with a workfunction between about 4.9 eV and 5.2 eV and wherein said second 
metal film is selected from group consisting of hafriium, zirconium, titanium, tantalum, 
aluminum, with a workfunction between about 3.9 eV and about 4.2 eV. 

16. The integrated circuit of claim 13 wherein said first metal film has a work fimction of 
approximately 1.0 eV greater than the work function of said second metal film. 

17. The integrated circuit of claim 13 wherein said first gate dielectric and said second 
gate dielectric are selected from the group consisting of tantalum oxide, titanium oxide, 
hafnium oxide, zirconium oxide, PZT, BST, aluminum oxide, and silicate thereof. 

18. The integrated circuit of claim 13 wherein said first semiconductor body and said 
second semiconductor body are selected from the group consisting of germanium, silicon 
germanium, gallium arsenide, InSB, GaP, GaSb, and carbon nanotubes. 

19. A method of forming a semiconductor device comprising: 



EV409362042US 



47 



42P16680 



forming a semiconductor body having a top surface and laterally opposite sidewalls 
on an insulating substrate; 

forming a gate dielectric on said top surface of said semiconductor body and on said 
laterally opposite sidewalls of said semiconductor body; 

forming a gate electrode on said gate dielectric and adjacent to said gate dielectric on 
said laterally opposite sidewalls of said semiconductor body, wherein said gate electrode 
comprises a metal film formed directly adjacent to said gate dielectric; and 

a pair of source/drain regions formed in said semiconductor body on opposite sides 
of said gate electrode. 

20. The semiconductor device of claim 19 wherein said gate electrode comprises only 
said metal film. 

21. The semiconductor device of claim 19 wherein said gate electrode further comprises 
a doped silicon film formed on said metal film. 

22. The semiconductor device of claim 21 wherein said metal film is formed to a 

o 

thickness between 25-lOOA and said doped silicon film is formed to a thickness between 
500-3000A. 

23. The semiconductor device of claim 19 wherein in said semiconductor body is silicon, 
and said source/ drain regions have a p type conductivity and said metal film has a work 
function between 4.9 eV and 5.2 eV. 

24. The semiconductor device of claim 19 wherein said semiconductor body is silicon 
and said source/ drain regions have a n type conductivity and said metal film has a 
workfunction between 3.9 eV and 4.2 eV. 
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25. The semiconductor device of claim 19 wherein said metal film is selected from a 
metal having a work function between 4.2 to 4,8 eV. 

26. The semiconductor device of claim 19 wherein said gate dielectric is selected from 
the group consisting of tantalum oxide, titanium oxide, hafnium oxide, zirconium oxide, 
PZT, BST, aluminum oxide, and silicates thereof. 

27. A method of forming a CMOS integrated circuit comprising: 

forming a first and a second semiconductor body on an insulating substrate said first 
and second semiconductor bodies each having a top surface and a bottom surface and a 
pair of laterally opposite sidewalk; 

forming a first silicon sacrificial gate electrode above said top surface of said first 
semiconductor body and adjacent to said laterally opposite sidewalk of said 
semiconductor body, and forming a second silicon sacrificial gate electrode above said top 
surface of said second senuconductor body and adjacent to said laterally opposite sidewalk 
of said second semiconductor body; 

placing n type dopants into said first silicon sacrificial gate electrode and into said 
semiconductor body on opposite sides of said first silicon sacrificial gate electrode; 

placing p type dopants into said second sacrificial silicon gate electrode and into 
said second semiconductor body on opposite sides of said second sacrificial gate electrode; 

activating said n type and p type dopants so that said n type and p type dopants 
become substitutional with silicon atoms in said first and second sacrificial silicon gate 
electrodes; 

forming a dielectric layer over said first and second sacrificial gate electrode and 
over said first and second semiconductor bodies and over said insulating substrate; 

planarizing said dielectric layer until the top surface of said dielectric layer is planar 
with the top surface of said first and second silicon sacrificial gate electrodes and said first 
and second sacrificial gate electrodes exposed; 
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removing said first sacrificial gate electrode without removing said second sacrificial 
gate electrode to form a first opening v^hich exposes the channel region of said first 
semiconductor body; 

forming a gate dielectric layer in said first opening on said top surface and said 
sidewalls of the channel region of said first semiconductor body; 

blanket depositing a first gate electrode material on said gate dielectric layer in said 
opening on said top surface of said semiconductor body and adjacent to said gate dielectric 
on said sidewalls of said semiconductor body, wherein said first gate electrode material 
comprises a first metal film formed directly on and adjacent to said first gate dielectric 
layer; 

removing said first gate electrode material from the top surface of said dielectric film 
to form a first gate electrode; 

removing said second sacrificial gate electrode to form a second opening which 
exposes the second channel region of said second semiconductor body; 

forming a second gate dielectric layer in said second opening on said top surface 
and sidewalls of said channel region of said second semiconductor body; 

blanket depositing a second gate electrode material on said second gate dielectric 
layer in said second opening on said top surface of said second semiconductor body and 
adjacent to said second gate dielectric layer on said sidewalls of said semiconductor body, 
wherein said second gate electrode material comprises a second metal film formed directly 
on said gate dielectric layer wherein said second metal film is different than said first metal 
film; and 

removing said second gate electrode material from the top surface of said dielectric 
film to form a second gate electrode. 

28. The method of claim 27 wherein said first and second senuconductor bodies are 
formed from single crystalline silicon. 
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29. The method claim 27 wherein said insulating substrate comprises a lower 
monocrystalline silicon substrate and a top silicon oxide insulating film. 

30. The method of claim 27 wherein said first metal film is selected from the group 
consisting of hafnium, zirconium, titanium, tantalum, aluminum, with a workfunction 
between about 3.9 eV and about 4.2 eV. 

31. The method of claim 27 wherein said second metal film is selected from the group 
consisting of ruthenium, palladium, platinum, cobalt, nickel, and conductive metal oxides, 
with a workfunction between about 4.9 eV and 5.2 eV. 

32. The method of claim 27 wherein said first sacrificial gate electrode is removed 
without masking said second sacrificial gate electrode. 

33. The method of claim 27 wherein said first gate electrode is removed utilizing an 
etchant selected from the group consisting of ammonium hydroxide and potassium 
hydroxide. 

34. The method of claim 27 wherein said second sacrificial gate electrode is removed 
utilizing a wet etchant comprising tetra methyl ammonia hydroxide. 

35. The method of claim 27 further comprising forming a first pair of sidewall spacers 
adjacent to said laterally opposite sidewalls of said first sacrificial gate electrode and 
forming a second pair of sidewall spacers adjacent to laterally opposite sidewalls of said 
second sacrificial gate electrode. 

36. The method of claim 27 further comprising forming silicon on said first and second 
semiconductor bodies adjacent to said sidewall spacers. 
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37. The method of claim 36 further comprising forming silicide on said silicon formed 
on said first semiconductor body adjacent to said first sidewall spacers and forming silicide 
on said silicon film formed on said second semiconductor body adjacent to said second 
sidewall spacers. 

38. A method of forming an integrated circuit comprising: 

forming a first sacrificial gate electrode over a channel region of a first 
semiconductor body and fornung a second sacrificial gate electrode over a second channel 
region of a second semiconductor body; 

altering said first sacrificial gate electrode and/or said second sacrificial gate 
electrode such that said first sacrificial gate electrode can be etched with an etchant without 
etching said second sacrificial gate electrode; 

forming a dielectric layer over said first sacrificial gate electrode, and said second 
sacrificial gate electrode, and said first semiconductor body and said second semiconductor 
body; 

planarizing said dielectric layer so as to expose said top surface of said first 
sacrificial gate electrode and said second sacrificial gate electrode; 

after altering said first sacrificial gate electrode and/or said second sacrificial gate 
electrode etching said first sacrificial gate electrode with said etchant without etching said 
second sacrificial gate electrode to form an opening and expose said channel region of said 
first semiconductor body; 

depositing a first metal film in said opening and over the top of said senuconductor 
body and adjacent to the sidewalls of said senuconductor body and on the top surface of 
said dielectric layer; 

removing said first metal film from the top of said dielectric layer to form a metal 
gate electrode; 

removing said second sacrificial gate electrode material to form a second opening; 
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forming a second metal film different than said first metal film over said dielectric 
layer and into said second opening; and 

removing said second metal film from the top surface of said dielectric layer to form 
a second metal gate electrode. 

39. The semiconductor device of claim 38 wherein first metal film has a work function 
between 3.9 eV and 4.2 eV. 

40. The method of claim 38 wherein said second metal film has a work function between 
4.9eVto 5.2 eV. 

41. The method of claim 38 wherein said first sacrificial gate electrode and /or said 
second sacrificial gate electrode are altered by placing dopants therein. 

42. The method of claim 38 wherein both said first and said second sacrificial gate 
electrode materials are exposed to said etchant. 
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